Abstract. We conducted a long-term follow-up retrospective study on 91 consecutive newly diagnosed acute promyelocytic leukaemia (APL) patients. Induction and consolidation therapy were well-tolerated by most patients. Of the 79 patients who were initially treated with the all-trans retinoic acid (ATRA)-containing regimens, there were 3 haemorrhagic deaths during the first period of therapy (4%) and one in consolidation which was due to infection. Following consolidation, molecular assessment of response was performed on 67 patients, and 66 were found to have achieved cytogenetic and molecular remission (98%). After a median follow-up of 100 months (12-192), 10 of the 75 patients who achieved complete remission (13%) relapsed. Seventy-eight percent of the patients were expected to be alive at 14 years from diagnosis, i.e., 90 and 48% of patients of intermediate-low risk and high risk at presentation, respectively (p=0.0009). Sixty-nine patients were in molecular remission after firstline and/or salvage therapy (74%). To date, 4 patients out of the 91 have undergone salvage allogeneic transplant (4%).
>1.5x10
9 /l, platelets >100x10 9 /l, and normally cellular or moderately hypocellular bone marrow with <5% promyelocytes and normalization of chromosome analysis and FISH for PML/RAR·. Molecular response was defined as undetectability of PML-RAR· transcript by RT-PCR.
The Kaplan-Meier method was used to estimate the probability of disease-free and overall survival, while the Log-rank test was used to compare DFS and OS duration among different groups.
Clinical and haematological features. Between January 1991 and July 2007, APL was diagnosed in 91 patients at our centre. The clinical and haematological features of this cohort of patients are provided in Tables I and II. In brief, the median age of patients was 41 years (range 17-83). Seventy-five patients were <60 years of age, and 16 were ≥60 years of age. FAB subtypes were found to be M3 in 82 patients (90%) and M3v in 9 patients (10%).
Typical t (15;17) was observed in all patents, while trisomy 8, as an additional cytogenetic alteration, was detected in 4 patients.
The vast majority of patients had de novo APL. One patient developed APL 3 years after chemotherapy for NHL, while 2 other patients became affected 3 years after radiochemotherapy for breast carcinoma.
Mucosal or cutaneous bleeding was present in the majority of patients (90%), but severe haemorrhagic syndromes were only observed in 9 patients (10%), involving the brain (n=4), the retina (n=3), and the gastrointestinal tract (n=1) and bladder (n=1). Cerebral haemorrhages were always fatal.
Clinical manifestations and laboratory changes related to disseminated intravascular coagulation (DIC) were observed in 80 patients (88%).
Prognostic evaluation was performed according to the PETHEMA scoring system (8) . The risk was low in 28 patients (31%), intermediate in 41 (45%) and high in 22 (24%).
Induction regimens. As shown in Fig. 1, 3 patients died of brain haemorrhage soon after admission before therapy. Nine patients were not initially treated with ATRA, since the drug was not available at the time. Thus, they received a combination of idarubicin (n=4) or daunorubicin (n=5) plus Ara-C. Four patients were treated with ATRA-containing regimens due to relapse or refractory disease. Two of these patients are alive and disease-free at 187 and 215 months from diagnosis. A third patient died of myocardial infarction at 70 months post-treatment while in molecular remission. The fourth died of disease. Table I . Clinical and haematological features of patients. Table II . Clinical and haematological features of patients at diagnosis. 
Five patients never received ATRA. Two of them underwent allogeneic transplant and are in molecular remission at 172 and 184 months. Two patients died of disease at 16 and 12 months. A third patient committed suicide while in CR at 7 months after the end of therapy.
Seventy-nine patients were enrolled in multi-centre GIMEMA trials (51 in AIDA LAP 0493, 18 in AIDA 2000, 10 in MY-AIDA ) (2, 7) .
Induction for all of these protocols consisted in administering 45 mg/m 2 /day of oral ATRA from day 1, associated with 12 mg/m 2 of intravenous IDA on days 2, 4, 6 and 8. A 26-year-old pregnant woman with low risk APL started induction therapy with ATRA alone, achieving haematological remission after 35 days of therapy. After delivery she was administered conventional consolidation courses and received ATRA-containing maintenance therapy for 2 years. The patient still maintains molecular response 7 years after diagnosis.
Consolidation and maintenance therapy. Patients enrolled in GIMEMA trials received consolidation and maintenance therapy as per the specific protocols (2,7). Only patients receiving ATRA-containing regimens were analyzed for response to therapy, toxicity, DFS and OS.
Results
Haematological recovery, toxicity and response to induction. As indicated in Table III , induction therapy was welltolerated by most patients. Of the 79 consecutive induction courses, there were 3 deaths during the first period of therapy (4%), which were caused by haemorrhagic and thrombotic complications related to DIC and thrombocytopenia.
Twenty-five patients (42%) experienced either grade 3 or 4 leukopenia and thrombocytopenia. Neutropenia (N <0.5x10 9 /l) and thrombocytopenia (Plt <25x10 9 /l) lasted a median of 6 days (range 1-21) and 15 days (range 2-17) from the end of anthracycline therapy, respectively. Patients received a median of 7 and 6 packed erythrocyte and platelet units, respectively and 6 units of fresh frozen plasma. G-CSF was administered to 11 patients for a median of 6 days. Twelve major infectious complications were recorded (sepsis in 7 patients, pneumonia in 5) as well as minor infections in 3 cases. Non-haematological toxicity was very mild.
Symptoms of retinoic acid syndrome (RAS) were reported in 8 patients (10%) leading to permanent discontinuation of Table III . Haematologic recovery, toxicity and response to induction in 79 patients treated with ATRA-containing protocols. 
RBC units, red blood cell units; PLT units, platelet units; G-CSF, granulocyte-stimulating factor.
-
ATRA therapy in 2 cases and to temporary discontinuation in 2 patients. Seventy-six of the 79 patients (96%) were evaluated for response, and CR was achieved by 75 patients (95%). Sixtyone patients underwent molecular evaluation of response at the end of induction, and 47 (62%) achieved molecular remission.
Haematological recovery, toxicity and response to the consolidation courses. Table IV provides details regarding the compliance of patients to consolidation therapy as well as haematological recovery, support therapy and complications. Fifty-seven (75%) patients completed the 3 consolidation courses.
In brief, we recorded less severe myelotoxicity during consolidation therapy than in induction. Twenty percent of the patients presented fever of unknown origin. Sepsis due to Staphylococcus aureus complicated by septic shock was diagnosed in a young patient who had already achieved CR, and eventually resulted in the death of the patient. The need for transfusional support was milder than after the induction course.
All patients maintained haematological response at the end of consolidation.
Following consolidation, molecular assessment of the response was performed on 67 patients, and 66 were found to have achieved cytogenetic and molecular remission (98%).
Maintenance therapy. Details of maintenance therapy are provided in Table V . Fifty-four patients (68%) completed maintenance therapy. Twenty-five patients received ATRA (45 mg/m 2 /day for 15 days every 3 months), 20 were administered ATRA plus chemotherapy, 6 underwent chemotherapy and 3 were administered GO. Therapy with ATRA alone was well-tolerated and showed no significant side effects. Mild myelotoxicity was recorded in patients who underwent other types of maintenance. No severe infections were observed. Reasons for not receiving maintenance therapy included: death during induction or after first consolidation (n=5), toxicity (n=8), early relapse (n=4), protocol randomisation (n=6) and other reasons (n=2). At the end of maintenance therapy, molecular evaluation of response was performed on 54 patients, all of whom maintained cytogenetic and molecular remission.
Disease-free survival, relapse and overall survival. The median follow-up for living patients was 100 months .
During follow-up, 10 of the 76 patients who achieved haematologic response relapsed (13%). Molecular relapse was always associated with haematologic relapse. All relapsing patients showed t(15;17) and/or PMA-RAR· rearrangement. Two patients presented haematologic relapse associated with central nervous system involvement. Of the relapsed patients, 2 (20%) had the M3 variant, 4 (40%) belonged to the high risk group, only 5 had completed consolidation course (50%) and 4 (40%) had received maintenance therapy. Table VI lists the clinical data of the relapsed patients. All of these patients were treated with salvage chemotherapy (HDAC, MEC, FLANG, Ara-C plus IDA plus etoposide, GO, ATO). The only patients who achieved haematological and molecular remission were treated with GO and ATO.
Two of the relapsing patients underwent allogeneic BMT from HLA identical related siblings. One of them is alive and disease-free at 7 years from transplant, while the second relapsed one year after transplant and died of disease.
One of the patients who was enrolled in the AIDA 2000 protocol developed a therapy-related myelodysplastic syndrome (RAEB-2) with normal karyotype 6 years later, Table IV . Haematologic recovery, toxicity and molecular response to consolidation courses. -
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and rapidly developed sAML refractory to conventional induction therapy; he received an allogeneic transplant from an unrelated donor and is alive and disease-free 13 months after the transplant. Two other patients died of a second neoplasia, though most likely unrelated to the therapy for APL (renal carcinoma and lung carcinoma, respectively) while in CR for APL. As shown in Fig. 2 , after a median follow-up of 100 months, 81% of patients achieving CR after ATRA-containing therapy are alive and disease-free at 14 years. Sixty-five of the 79 patients are alive and disease-free while 12 are deceased (3 during induction therapy, 3 of infectious complications during consolidation or salvage therapy, one committed suicide, 5 of disease).
Seventy-eight percent of the patients were expected to be alive at 14 years from diagnosis as reported in Fig. 3 . The median survival was 76 months (range 1-151) and the median length of CR was 68 months (range 10-150).
The 3 patients bearing the additional trisomy 8 are alive and disease-free. ONCOLOGY REPORTS 21: 1045 -1052 , 2009 Table VI. Relapses, disease-free and overall survival. 
M3v, M3 microgranular variant; HR, high risk; IR, intermediate risk; LR, low risk; GO, gemtuzumab ozogamicin (Mylotarg); ATO, arsenic trioxide.
- Eighty-three patients were administered ATRA as initial therapy (n=79) or later on (n=4). Sixty-seven of them (83%) are in molecular remission.
To date, 4 patients have undergone allogeneic transplants (4%).
Therapy for patients ≥60 years of age. Sixteen patients (18%) were 60 years of age or older at diagnosis. Of these, 2 had the M3 variant and 2 had secondary APL.
Two patients died during induction therapy (12%). With the exception of these cases, the therapeutic strategy was well-tolerated and showed a limited incidence of complications. The first consolidation course was administered to 71% of these patients, while 57% were administered two courses and 43% actually completed the therapeutic programme. Table VII lists the details of therapy. Thirteen of the 14 (93%) patients achieved CR and 12 are alive and disease-free with a median DFS of 57 months.
Discussion
This study reviews our experience involving APL management over the last 16 years. The percentage of haematologic and cytogenetic response after induction, as well as the long-term molecular results in our series confirm the previously established high efficacy of ATRA-containing therapy in APL patients of all ages (1) (2) (3) (4) (5) (6) (7) (8) 11, 12) . Furthermore, our retrospective analysis highlights that achieving a persistently negative PML/RAR status as assessed by RT-PCR is associated with favourable DFS and OS (4, 10) and that maintenance therapy might be beneficial.
It has been known since the early nineteens that the availability of a molecularly targeted drug has dramatically improved the outcome as shown by the randomised study carried out by the North American Intergroup (13) . Our study confirms that although the introduction of ATRA has improved the management of APL coagulopathy and has reduced induction-related deaths, approximately 10% of patients are still lost on account of severe bleeding (14) . There is still a broad area for further studies on transfusional support and management of thrombo-haemorrhagic events.
ATRA-containing regimens show limited side effects. Although myelotoxicity was milder than what is induced by chemotherapy in other AML subtypes, in some patients infectious complications were life threatening events. Thus, in order to reduce the risk, the most recent approaches tailor post-induction therapy to the patient's individual risk (7, 8, 12) .
Non-haematological side effects were negligible and mucositis was mild, even in patients >60 years of age and with associated diseases. The good level of tolerability of this therapy is confirmed by the fact that 76% of patients completed the entire consolidation, and that 83% of patients received at least two consolidation courses. Therapy may, however, be complicated by RAS, which occurred in 10% of patients. Our experience confirms that RAS may be severe and can affect the probability of achieving long lasting remission (15) . The availability of alternative and equally effective drugs (ATO and GO) (16) (17) (18) allowed us to obtain persistent molecular response even in patients who were unable to continue ATRA.
The favourable outcome that was observed upon longterm evaluation in our subgroup of patients aged 60 years or older confirms the good results that have already been reported in this particular subset of patients (6, 11, 12) . On the other hand, the non-optimal feasibility of consolidation therapy indicates the need for post-induction regimens specifically designed for elderly patients. However, these data indicate that age itself is no longer a bad prognostic factor when specific and low toxicity treatments are available.
The relapse rate we observed is lower than what was reported in some larger collaborative trials (1,2,4-8,11,13). Analysis of disease recurrence showed that most relapsed patients belonged to the high risk group, as evaluated by the PETHEMA score (8) . However, in our study the risk of relapse was particularly high in patients who did not complete the scheduled consolidation courses. Only 50% of the relapsed patients in our series had in fact finished the consolidation programme.
On the basis of our therapeutic strategy, patients received appropriate doses of ATRA both during induction and consolidation courses and in many cases even as maintenance therapy. However it was difficult to establish the benefit of maintenance therapy in our cohort of patients. Although maintained patients had a longer DFS than not maintained Table VII . Therapy in patients ≥60 years of age. 
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ones (DFS 60 and 44 months, respectively), the series was too small to draw any definitive conclusions, and patient selection biases may have influenced these results. However, previous studies seem to confirm that long-term administration of ATRA may reduce the relapse rate and prolong DFS (7, 8) .
Applying the quantitative PCR evaluation of PML-RAR· might help to define the indication and the optimal duration of maintenance therapy (19) .
It has recently been reported that late relapses (beyond the fourth year after achieving CR) may occur in patients treated with ATRA plus chemotherapy (20, 21) . To date, after a median follow-up of 100 months, we observed no late relapses, and many patients with persistent molecular response may be cured of their disease.
Only one patient developed post-MDS-AML which may actually have been related to APL therapy. Although the incidence of secondary MDS/AML which has been observed in larger series seems low, this possibility must be taken into consideration (22) . Establishing therapeutic programmes that are tailored to individual risk might also reduce the risk of secondary myeloid neoplasms.
As already shown in larger trials, our retrospective study clearly indicates that there is no indication for allogeneic transplant in first CR. This may represent an effective type of salvage treatment for relapsed patients once a second CR has been obtained (23, 24) .
The inclusion of new specific and selective drugs, such as ATO and GO in front-line therapy, together with improved prognostic characterisation might further improve the quality of response (12, 17, 18) , thus reducing the likelihood of disease recurrence.
